The Weak Galerkin (WG) finite element method for the unsteady Stokes equations in the primary velocity-pressure formulation is introduced in this paper. Optimal-order error estimates are established for the corresponding numerical approximation in an H 1 norm for the velocity, and L 2 norm for both the velocity and the pressure by use of the Stokes projection.
Introduction
The finite element method for the unsteady Stokes equations developed over the last several decades is based on the weak formulation by constructing a pair of finite element spaces satisfying the inf-sup condition of Babuska [1] and Brezzi [2] . Readers are referred to [3] [4] [5] [6] [7] for specific examples and details in the different finite element methods for the Stokes equations. The idea of weak Galerkin method was first introduced by the Professor Junping Wang in June 2011. Weak Galerkin refers to a general finite element technique for partial differential equations in which differential operators are approximated by weak forms as distributions for generalized functions. Thus, two of the key features in weak Galerkin methods are 1) the approximating functions are discontinuous, and 2) the usual derivatives are taken as distributions or approximations of distributions. The method was successfully applied to the second order elliptic equations [8] [9] , the Stokes equations [10] , Parabolic equations [11] , and Maxwell equations [12] . A posteriori error is effectively estimated, and proved the convergence of the WG finite element method in this paper. 
Preliminaries
In this paper, we study the initial-boundary value problems of the Stokes. Let Ω be a bounded domain in R
2
. We introduce function spaces ( )
the unsteady Stokes problem would take the following form: seek 
and ⋅ is said to be the norm of 2 L . 
For w is [ ]
, the weak gradient of v is defined as a linear functional w v ∇ in the dual space of ( )
where n is the outward normal direction to K
The Sobolev space
With the help of the inclusion map iν , the Sobolev space
P K be the set of polynomials on K with degree no more than r.
Definition 2. The discrete weak gradient operator, denoted by
In what follows, we give the definition of weak divergence, first of all, we require weak function
Denote by ( ) V K the space of weak vector-valued functions on K;
where n is the outward normal direction to K 
The Sobolev space ( ) 
Weak Galerkin Finite Element Scheme
Let h  be a partition of the domain Ω with mesh size h that consists of arbitrary polygons/polyhedra. In this paper, we assume that the partition h  is WG 
The discrete weak gradient 
,
For simplicity of notation, from now on we shall drop the subscript 1 k − in the notation 
For each edge/face
We are now in a position to describe a weak Galerkin finite element scheme for the Stokes Equations (1) . To this end, we first introduce three bilinear forms as follows ( )
In the following, the proof process of Lemma 1-6 refers to reference [10] (10) and which is unique, the linear bounded functional
Then problem (9) is equivalent to seek h
Using LBB condition and Lax-Milgram Lemma, we know that the solution (12) is unique.
Combing (11) and (12), it is concluded that if initial approximation
of (9) is unique.
In what follows, we introduce Stokes projection, which is the important approximation of projection.
Lemma 6. First of all, we introduce Stokes projection of ( )
Error Equations
In what follows, we list Lemma 7 to prove the error estimation of approximate solution for Semi-discrete scheme.
We know that ( ) 
Next, Combing Lemma 3 and Equation (8) 
Next, we test (17) by using 0 v in 
, , ,
Substituting (20), (22) and ( )
, , In what follows, we give the derivation of the error equation of (9 
The difference of (24) and (9) As to (24), we test Equation (1) 
The difference of (25) and (9) yields the following equation Which completes the proof of the lemma.
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be the solution of (1) and (9), respectively. the following error estimates is true. 
